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Introduction
An important theory is nowadays the mental models theory, or, as called in Quelhas, Rasga, and Johnson-Laird [2017] , 'the unified theory of the mental models'. This framework is relevant today because the expe] rimental results usually obtained appear to support its main theses [vide, e.g., Johnson-Laird; Goodwin, 2015a] . However, what is interesting about it for this paper is one of its basic assumptions. According to the theory, individuals do not reason in a logical way, but by combining different iconic possibilities describing reality that they build from what is transmitted by the sentences in natural language [vide, e.g., Johnson-Laird; Girotto; Legrenzi, 1999] . Thus, adopting a concept of iconicity akin to that of Peirce [1931 Peirce [ -1958 , this approach claims that the possibilities fairly comprehensively represent alternative scenarios, and that the inferences are made by joint consideration of such possibilities, general knowledge, and the global context in which the sentences are interpreted [vide, e.g., Johnson-Laird, 2012] .
Obviously, a theory of this type is prima facie inconsistent with the thesis that people identify the logical forms referred by the sentences, and that they make deductions by using formal schemata whose premises match those logical forms. In fact, its main proponents often clearly decline ideas in this direction [vide, e.g., Johnson-Laird, 2010] . Nevertheless, I will intend to show in this paper that the mental models theory sometimes leads to consequences unexpected by its adherents, and that the cognitive machinery that it assigns to the human mind can cause us to assume that we resort to a logic of any kind when making inferences. In this way, my essential idea will be similar to a general thesis developed in several papers linking the possibilities of the mental models theory to different kinds of logic, merely one of them being, for example, that of López-Astorga [2015] . That general thesis is that there are clear relations between the iconic possibilities of this last theory and syntactic forms, and that hence the findings of the mental models theory can reveal just the opposite of what it wishes to demonstrate, i.e., that there are formal structures in our mind.
In particular, this paper is aimed to argue that some iconic possibilities that can be considered in the deontic context by a human being are absolutely compatible with the formal structure of certain propositions habitually accepted in standard deontic logic. The basis of the argument will be that those possibilities and those propositions share the same sense, and that, therefore, the possibilities exactly refer to the same logical relationships as the propositions.
So, to do all of the foregoing, I will begin with a description of the general framework of the mental models theory. Then, I will indicate which the deontic formulae that can be related to iconic possibilities of this last НЕКОТОРЫЕ ДЕОНТИЧЕСКИЕ ЛОГИЧЕСКИЕ ФОРМУЛЫ...
theory are and what they provide. Finally, I will show how, based on the fundamental assumptions of the mental models theory, it can be predicted that an average individual will deem such formulae to be valid. Hence the first section is about the mental models theory.
The mental models theory and the importance of semantics and pragmatics
As said, a key concept in the mental models theory is the one of iconic possibility or representation. In this way, it can be said that the alternative scenarios described by the possibilities or representations for a same proposition are, in general, very similar and only have minimal variations. An example in this regard can be that of the conditional. Following the theory, conditionals, that is, the propositions with the structure 'if p, then q', refer to three alternative scenarios [vide, e.g., Quelhas et al., 2017б, p. 1006 [vide, e.g., Quelhas et al., 2017б, p. -1007 But, if the foundation of the mental models theory were only theses such as the previous one, one might think that, actually, it is akin to standard logic. Indeed, the truth table of the conditional in this last logic provides that a formula such as p → q (where '→' stands for the logical conditional) is valid in three cases that appear to match scenarios [I] , [II] , and [III] . And this is so because, adopting symbols similar to, for example, those used in López-Astorga [2015] , it can be stated that
Where 'v(x)' denotes 'truth value of x', '1' represents truth, 'IFF' is an abbreviation of 'if and only if', '∧' refers to conjunction, '∨' is the symbol for disjunction, and '¬' corresponds to negation.
And that
Where '0' means 'false'.
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Evidently, the formula (p ∧ q) ∨ (¬p ∧ q) ∨ (¬p ∧ ¬q) seems to refer to the same situations represented by [I] , [II] , and [III] . Besides, it appears that p ∧ ¬q can be linked to the only world that, according to the mental models theory, conditionals do not admit in principle, that is, to a scenario such as this one:
[IV]: p not-q Nevertheless, as indicated, for example, in López-Astorga [2016] , this is not so at all. On the one hand, as also explained here, because the possibilities iconically represent reality, p and q are not logical variables in them, but just iconic elements. On the other hand, the theory equally claims that people are not always able to think about all the possibilities that can be related to a sentence, which, in the particular case of the conditional, means that they are not always able to think about [I] , [II] , and [III] , and that, in many occasions, they can only consider a possibility such as [I] [vide, e.g., Quelhas et al., 2017 Quelhas et al., , p. 1006 . Furthermore, the mental models theory proposes mental processes of modulation as well [vide, e.g., Johnson-Laird et al., 2015a, p. 202] . Those processes are caused by contextual, semantic, and pragmatic factors, and produce as a result combinations of possibilities in which certain scenarios are eliminated or modified.
This last thesis can be better understood by means of an example. Let us think about this conditional sentence:
"If it is raining, then it is pouring" [Quelhas et al., 2017 [Quelhas et al., , p. 1007 .
Undoubtedly, this is a conditional sentence, but, if we consider p to be equivalent to 'it is raining' and q to be equivalent to 'it is pouring', it is very hard to assign [II] to it, since, as it is known, the fact that it is pouring is not possible without the fact that it is raining. Nonetheless, the meaning the 'pouring' could lead to a world such as that represented in [IV] , as it can be raining without pouring [Quelhas et al., 2017 .
So, it is clear that the machinery of the mental models theory is very different from that of standard logic. As just shown, the former can block situations correct following the latter, as well as conclusions that are not allowed in the latter can be possible in the former. However, none of this has an influence on certain basic structures of standard deontic logic, which can lead to think that there is something akin to a deontic mental logic characterized by essentially formal and syntactic structures. The reason why this can be so will be explained below. Nevertheless, before arguing in favor of the idea that, if theses such as those of the mental models theory commented on in this section are assumed, such structures must be accepted too, it appears to be suitable to indicate which those formal structures are exactly.
НЕКОТОРЫЕ ДЕОНТИЧЕСКИЕ ЛОГИЧЕСКИЕ ФОРМУЛЫ...
Some propositions habitual in standard deontic logic
Usually, the expression deontic logic is linked to works such as the ones authored by Von Wright [1951 Wright [ , 1956 Wright [ , 1963 . Nonetheless, it is well known that all the deontic logics are not the same and that hence not all of them share the same assumptions. Despite this, points out nine propositions that are often assumed in standard deontic logic. But, before introducing them, it seems to be necessary to remind the definitions of the two operators that are not included in general standard logic and that are habitually used in standard deontic logic. Such operators are, obviously, the one of obligation (O) and the one of permission (P), and they are generally defined by each other in this way:
Where, clearly, [V] means that 'x is obligatory' is equal to 'not-x is not permitted', and [VI] means that 'x is permitted' is equal to 'not-x is not obligatory'.
That said, the propositions [which are to be found in Forrester, 1996, p. 26-27] can be presented now. They are the following:
Op → Pp
Where '↔' stands for biconditional relationship.
Apart from the fact that the names these formulae receive in Forrester [1996, p. 26-27] are different, and not just Roman numbers VII to �V, two of my symbols are not those of Forrester, who uses '~' for negation and '·' for conjunction. However, maybe a more important point here is that [�III] and [�IV] correspond to definitions [V] and [VI] . And this is relevant because, if it is shown, as this paper intends, that, if we consider the mental models theory to be a correct theory, we must also consider formulae [VII] to [�V] to be common sense formal propositions, it will also be shown that, under the framework of this last theory, the definitions of the operators 'O' and 'P' in standard deontic logic are natural for the human mind and syntactic structures of our thought as well. So, it can be said that, beyond Forrester's actual goals, the next section tries to argue in this direction.
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Some deontic formulae and its iconic possibilities
That a proponent of the mental models theory would have to admit [VII] is something that can be easily checked if we simply ignore its main negation and pay attention to the content between brackets. If we do that, we can observe that that content refers to a scenario in which an action and its contrary are mandatory at the same time, that is, to a scenario akin to this one:
[�VI]: p is obligatory not-p is obligatory This is so because, according to the mental models theory, conjunction a priori only refers to one iconic representation such as [I] [vide, e.g., Johnson-Laird, 2012, p. 138, Table 9 .2]. But, given that, based on the references on this last theory cited above, an iconic representation such as [�VI] cannot be taken as a possibility (it is almost impossible to admit that a representation describing an action and its denial as mandatory shows a plausible scenario), there is no doubt that the basic theses of the mental models theory lead to reject formal structures such as Op ∧ O¬p, and hence to accept formulae such as ¬(Op ∧ O¬p).
As regards [VIII], we can focus on the antecedent of the conditional, that is, on O(p → q). Following the mental models theory, what this last formula provides is that it is absolutely obligatory that one of the three possibilities [I], [II], and [III] happens. But, if this is so, we have that q occurs in the only case in which p occurs too ([I]
). Therefore, if p is obligatory, [I] reveals that q must be true, which means that, if p is obligatory, then q is also so, i.e., that Op → Oq. Thus, if O(p → q) is admitted, Op → Oq has to be admitted as well, and hence O(p → q) → (Op → Oq) has to be admitted too.
In connection with [I�] , O(p ∧ q) clearly only allows a scenario in which it is mandatory that p and q happen at the same time. Between the brackets, there is a conjunction, and, as pointed out, conjunctions generally lead to [I] in the mental models theory. However, if [I] is obligatory, p and q are both of them obligatory too, and it can be stated that p is obligatory (Op) and that q is obligatory (Oq). Therefore, if O(p ∧ q) is true, Op and Oq, i.e., Op ∧ Oq is so as well, which in turn shows that O(p ∧ q) → (Op ∧ Oq) must be assumed.
As far as [�] is concerned, the situation is very similar. Because Op ∧ Oq is a conjunction, it only enables this iconic possibility:
p is obligatory q is obligatory Nevertheless, it is evident that [�VII] iconically represents a situation in which [I] is mandatory, and hence a scenario in which it is mandatory that p and q happen at the same time, which is an idea that can be well expressed by means of the formula O(p ∧ q). So, it is correct that (Op ∧ Oq) → O(p ∧ q).
НЕКОТОРЫЕ ДЕОНТИЧЕСКИЕ ЛОГИЧЕСКИЕ ФОРМУЛЫ... [VII] . The conjunction p ∧ ¬p can only stands for an impossible situation in the mental models theory, and, for this reason, it cannot be linked to a status quo that is obligatory. In other terms, it cannot be proposed that O(p ∧ ¬p), and, accordingly, only ¬O(p ∧ ¬p) seems to make sense.
The case of [�I] is akin to that of
In [�II], we find a disjunction, and the mental models theory also attributes a priori iconic representations to this last connective, both in the case in which it is inclusive and in the case in which it is exclusive. Undoubtedly, from what has been explained above, it is evident that a disjunction such as p ∨ ¬p cannot be inclusive in the mental models theory, since it would imply a scenario in which p and ¬p are true at the same time [for a discussion about the actual way the mental models theory deals with disjunctions such as p ∨ ¬p, vide, e.g., Goodwin, 2015b, p. 549] . Thus, the disjunction in [�II] must be exclusive, and, following Johnson-Laird [2012, p. 138 , Table 9 .2], an exclusive disjunction such as 'p or q but not both of them' can be related to two possibilities: [II] and [IV] , which, in the case of p ∨ ¬p, can be translated into:
not-p not-p Clearly, [�VIII] refers to a world in which p is true and ¬p is not, and [�I�] to an inverse world, one in which ¬p is true and p is not. However, the important point here is that, although the mental models theory tries to ignore logic, it does not entirely achieve that. Principium Tertii Exclusi seems to hold in it and one of these two last scenarios must be the real one. This is so because, in the same way as the two disjuncts cannot be true at the same time, they cannot be false at the same time either (since, obviously, in this last circumstance, we would have a scenario with p and ¬p again). Accordingly, there are only two options: i) p happens or ii) p does not happen. If i) is the case, [�VIII] is the actual world. On the contrary, if ii) is the case, the real world is [�I�] . But, as said, one of them must be the actual scenario, that is, it is obligatory p ∨ ¬p, or, if preferred, O(p ∨ ¬p).
[�III], which, as said, corresponds to [V], includes another connective that is also taken into account by the mental models theory: the biconditional. According to the theory, the possible scenarios that can usually be linked to this last connective are [I] and [III] [vide, e.g., Johnson-Laird, 2012, p. 138, Table 9 .2], which leads one to think that the possibilities of [�III] [��] . In this last world, p is mandatory and hence it must happen. Thus, given that that world is, as explained, from the framework of the mental models theory, a iconic description of reality, in it, it is not possible for p not to be permitted, since, if that were so, p should not occur, and it is, as said, obligatory. And, obviously, in an iconic scenario in which it is not possible for p not to be permitted, p is undoubtedly permitted (Pp). So, if p is obligatory, then p is permitted, or, if preferred, Op → Pp. Accordingly, it is absolutely clear that, if essential theses of the mental models theory such as those commented on above are admitted, it is necessary to accept formulae [VII] to [�V] too. And this is so in spite that the real proposal of this last theory is to ignore logical forms.
Conclusions
But, if this is correct and there are formal structures that people can admit in an easy and natural way, it seems that, beyond its proponents' actual intentions, the acceptance of the mental models theory also implies the possibility to speak about a mental logic in human beings. Really, there are several theories in this regard, for example, the one of , the one of Rips [1994] , or the one of the so-called 'mental logic theory ' [vide, e.g., Braine; O'Brien, 1998; . In fact, НЕКОТОРЫЕ ДЕОНТИЧЕСКИЕ ЛОГИЧЕСКИЕ ФОРМУЛЫ... there are even approaches that claim the existence of a special logic in our mind that is applied only in deontic contexts [vide, e.g., Cheng; Holyoak, 1985; Fodor, 2000] . However, as far as I know, what is new in this paper is that it shows that, if we reject all these theories and we choose the mental models theory, we still have to assume certain basic formulae habitual in standard deontic logic.
Evidently, this does not demonstrate at all that the mental models theory does not hold. It has strong empirical evidence in its favor, and that fact has to be acknowledged. Nevertheless, my arguments here do reveal that it is very possible for the mental models theory to be closer to the formal or syntactic theories such as those that propose a logic for the human mind than thought. Thus, it can be argued, as, for example, López-Astorga [2015] does, that the mental models theory and the syntactic proposals complement each other, since they address two different dimensions of language and the intellectual activity.
Nonetheless, the mental models theory deserves that it is also recognized that it will always have, in any case, certain priority, this last point being one of those that are highlighted in studies such as the one of López-Astorga [2015, p. 148] as well. Indeed, according to López-Astorga, the literature on human reasoning proves that the iconic possibilities of the mental models theory alone can predict the answers that will be offered by participants in many reasoning tasks without the need to consider logical formulae. However, this is not right the other way round, since it is not possible even to account for some of those very results using only logical formulae. In addition, as López-Astorga's main argument makes it evident, in many times, to identify logical forms, a prior review of the iconic possibilities of the sentences is conditio sine qua non. And this last fact can also show that the theses of the mental models theory can have a temporal priority too, as it can be necessary a previous recourse to the machinery of the mental models theory to get logical forms later, i.e., to get the elements that, following the syntactic theories, our mind needs to work later.
But this paper appears to reveal that, while it can be true that we cannot forget the basic assumptions of the mental models theory and that it is always required to take them into account, there may be also no doubt that, if it is not impossible, it is at a minimum very difficult to present a cognitive theory removing the fundamental elements of standard deontic logic. Of course, the iconic representations can be indispensable in the human intellectual activity, but it does not mean that, at least to some extent, certain formal elements are not so at the same time. In this way, it seems that it is worth continuing to research following this line, since it can help us identify, with as little mistakes as possible, which such formal elements are exactly. As it can be checked above, my main intention here has been precisely this last one.
